This study explored relations of print exposure, academic achievement, and reading habits among 100 deaf and 100 hearing college students. As in earlier studies, recognition tests for book titles and magazine titles were used as measures of print exposure, college entrance test scores were used as measures of academic achievement, and students provided self-reports of reading habits. Deaf students recognized fewer magazine titles and fewer book titles appropriate for reading levels from kindergarten through Grade 12 while reporting more weekly hours of reading. As in previous studies with hearing college students, the title recognition test proved a better predictor of deaf and hearing students' English achievement than how many hours they reported reading. The finding that the recognition tests were relatively more potent predictors of achievement for deaf students than hearing students may reflect the fact that deaf students often obtain less information through incidental learning and classroom presentations.
This article examines relations among the reading attainment, reading habits, and the amount and kinds of reading materials to which deaf college students have been exposed. In essence, the study sought to replicate the finding obtained with both hearing children (e.g., Stanovich, 1986 ) and hearing college students (e.g., Acheson, Wells, & MacDonald, 2008; Stanovich & Cunningham, 1992 ) that exposure to print is a significant predictor of reading ability and achievement. This issue is of particular importance because reading presents significant difficulties for most deaf students, but there is little evidence concerning who will become better or poorer readers.
From the early school years through university, deaf students typically lag behind hearing peers in reading achievement regardless of degree of hearing loss and whether or not they utilize cochlear implants (Archbold et al., 2008; Geers, Tobey, Moog, & Brenner, 2008; Moeller, Tomblin, Yoshinaga-Itano, Connor, & Jerger, 2007; Traxler, 2000) . Examining a national normative sample of deaf and hard-ofhearing students taking the Stanford Achievement Test-9th Edition, Traxler (2000) found that only about 50% of 18-year-olds were reading above the fourth-grade level, a situation that has changed little over the past several decades (Luckner & Handley, 2008; Qi & Mitchell, 2012) . Even the relatively selective population of deaf students attending university generally exhibits considerable difficulty in reading. Studies of deaf students at two universities by Albertini and Mayer (2011) and Parault and Williams (2010) , for example, both found their samples to be reading below the sixth-grade level.
Reading challenges among deaf students traditionally have been ascribed to either the lack of phonological processing and phonemic awareness created by significant hearing loss, poor first language fluency (regardless of modality), or limited exposure to reading during childhood (Conrad, 1979; Mayer & Leigh, 2010; Nicholas & Geers, 2006) . Recent studies, however, have demonstrated that deaf students from 12 years of age onward, on average, understand as much or more from what they read as from signed or spoken communication (Borgna, Convertino, Marschark, Morrison, & Rizzolo, 2011; Marschark et al., 2006; Marschark et al., 2009; Stinson, Elliot, Kelly, & Liu, 2009 ). This finding indicates that deaf students' language comprehension difficulties are not limited to print. Of particular concern in this context are findings indicating that deaf college students tend to be less accurate than their hearing peers in their comprehension monitoring (Banner & Wang, 2011; Borgna et al., 2011; Strassman, 1992) , a situation with implications for academic achievement beyond reading per se.
The relation between reading and achievement includes both the direct link of content-related reading being necessary for most school subjects and an indirect link, as reading provides the individual with foundational knowledge and skills that support problem solving, logical reasoning, and decontextualized thinking (Anderson, Wilson, & Fielding, 1988; Olson, 1986; Stanovich, West, Cunningham, Cipielewski, & Siddiqui, 1996) . Perhaps not coincidentally, these are all areas in which deaf students frequently lag behind hearing peers. Those relations also are bidirectional, as students who struggle with reading tend to read less, thus contributing to their lesser knowledge of both specific content and background knowledge. This situation, in turn, makes reading more difficult and less appealing (Marschark, Lang, & Albertini, 2002, chap. 8; Stanovich, 1986; Wilbur, 1977) . Accordingly, Trezek, Wang, and Paul (2010) reported that better deaf readers find reading more satisfying, and Parault and Williams (2010) found that deaf university students with greater intrinsic motivation for reading read more. Stanovich and Cunningham (1992) examined relations among reading habits, exposure to print, and outcomes associated with the acquisition of literacy among 300 hearing university students. That study included a battery of reading and cognitive tasks as well as a Magazine Recognition Test (MRT) and Author Recognition Test (ART; Stanovich & West, 1989) . The latter two tests involved having participants indicate which of a series of titles or names they recognized within a larger list that included both real targets and invented foils. Such tests generally are taken as proxy measures of exposure to print, and the ART and MRT were both good predictors of performance in all domains. Consistent with Stanovich et al. (1996) and Hayes and Ahrens (1988) , Stanovich and Cunningham concluded that print is a far richer source of information than is spoken language, a situation that would seem to emphasize the potential benefits of reading for deaf students. Acheson et al. (2008) also examined links among reading habits, print exposure, and reading ability among hearing college students. They employed a self-report measure of reading habits and updated versions of the ART and MRT as a means of estimating print exposure. Reading ability was estimated via a sentence comprehension test and scores on the English and Reading Comprehension subtests of the American College Test (ACT; see Stiggins, Schmeiser, & Ferguson, 1978) . The amount of time students reported reading textbooks was inversely related to both ART and MRT scores, suggesting that college students who spent more time studying had read fewer books and magazines. Time spent reading fiction and nonfiction, in contrast, was positively related to both MRT and ART scores.
Examining Reading Habits and Exposure to Print

The Present Study
Although deaf students' reading difficulties are well documented, there does not appear to be information available concerning how much or what kinds of reading they do. This study was conducted with deaf and hearing students attending the same university, thus providing a comparison of the reading habits of the two groups and possible insights into relations of print exposure and achievement. Overall, it was expected that the deaf students would be found to read less than their hearing peers and therefore be less familiar with the titles of popular books and magazines. Measures of reading frequency and print exposure, however, were expected to be related to reading achievement at least as strongly for deaf students as they are for hearing students.
Another question addressed by this study was whether deaf and hearing students' reading habits diverge over time. Toward that end, the materials included book titles that would have been read by students of different ages. This manipulation was motivated by the fact that the vocabulary, structure, and content of books generally is more difficult in books intended for older readers (Wauters, Tellings, van Bon, & Mak, 2008) , and there is also an increasing gap in the reading abilities of deaf and hearing children as they get older (Traxler, 2000) . Such differences may help to account for results like those of Geers et al. (2008) who found that deaf children with cochlear implants who were reading at grade level when they were 8-to 9-years old had fallen approximately 2 years behind by the time they were 15-to 17-years old. If deaf students tend to read less as a function of text difficulty, they would be expected to recognize more titles intended for younger children relative to hearing peers.
Methods
Participants
The study involved 100 deaf students and 100 hearing students enrolled at the Rochester Institute of Technology (RIT). RIT includes the National Technical Institute for the Deaf (NTID) as one of its eight colleges, but deaf participants came from all RIT colleges.
1 All students were recruited via flyers and personal contacts and were paid for their participation. As described by Bochner and Walter (2005) , studies of deaf university students typically define reading and academic achievement operationally in terms of subtests on college entrance examinations-the ACT and/or the SAT. All students in this study had satisfied university entrance requirements, and ACT English, Reading, Math, and Composite scores as well as SAT Verbal, Math, and Composite scores were available from institutional records. ACT scores were available for 80 deaf students and 31 hearing students (111 total). SAT scores were available for 20 deaf students and 87 hearing students (107 total), with 18% of the students having scores on both tests.
Deaf students' pure tone average (PTA) hearing thresholds in their better ear (i.e., the average hearing threshold across all sound frequencies) were obtained from institutional records even though that variable generally does not predict either reading ability or academic achievement (Allen, 1986; Convertino, Marschark, Sapere, Sarchet, & Zupan, 2009; Goldberg & Richburg, 2004; Powers, 2003; Tymms, Brien, Merrell, Collins, & Jones, 2003) . PTAs ranged from 48 to 120 with a mean of 100.42 and a standard deviation of 16.91. Twenty-seven of the deaf students reported using cochlear implants. This is approximately the proportion of deaf students with implants in the larger RIT student population, although it is significantly larger than the almost 14% of deaf schoolchildren in the United States who have implants according to the Gallaudet Research Institute (2008). It is unclear whether students with cochlear implants are overrepresented in the RIT student population for academic or other reasons. Deaf students who gain entry to RIT or another university undoubtedly represent a select population, but the Gallaudet Annual Survey includes only about 60-65% of deaf children in the country, and it is widely assumed that the children most likely overlooked are singletons functioning in mainstream classrooms (many of whom likely have cochlear implants).
Materials and Procedure
Exposure to print was operationalized using two title recognition tests. Following studies of Cunningham and Stanovich (1990) and Cipielewski and Stanovich (1992) , a Title Recognition Test (TRT) was constructed including a list of 160 book titles (see Appendix A). Book titles rather than book authors were utilized here on the recommendations of NTID English professors who indicated that because of the lesser breadth in their reading, deaf students are less likely to encounter specific authors repeatedly. There do not appear to have been previous studies comparing title and author recognition for deaf or hearing students, but utilizing an ART was thought likely to significantly underestimate deaf students' reading histories. Included in the TRT were 80 real book titles and 80 invented foils. In order to examine possible differences in students' familiarity with books they would have encountered at different ages, the list of real book titles was created with the assistance of local librarians and spanned elementary through 12th-grade books. Within the list of real titles, 20 had been chosen by the librarians as likely to have been read between kindergarten and 3rd grade, 20 between 4th and 6th grade, 20 between 7th and 8th grade, and 20 between 9th and 12th grade. Foils were created so as to similarly parallel grade levels, 20 in each. A MRT was constructed using the 65 magazine titles from the Acheson et al. (2008 , following Stanovich & Cunningham, 1992 study and 65 invented foils (see Appendix A).
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Students were asked simply to check all the titles they recognized, whether or not they had read them. The Reading Time Estimates section of the Acheson et al. Reading Habits Self-Reports was used to query students concerning their reading habits (see Appendix B). That self-report instrument asks students how many hours in a typical week they spend reading textbooks, other academic materials, magazines, newspapers, e-mail, Internet media (not including e-mail), fiction books, nonfiction books, and ''other/special interest'' materials (filled in by the participant). In addition to the reading time reported for each category, a total reported reading time was computed for each participant. Similar selfreports of reading activity have been used with both hearing (Schutte & Malouff, 2004 ) and deaf (Parault & Williams, 2010 ) university students.
Results and Discussion
Because of the imbalance in deaf and hearing students with ACT versus SAT scores and the lack of strict equivalence in converting scores from one test to the other, analyses reported below involving achievement scores utilized ACT scores for the deaf students and SAT scores for the hearing students. Although the two tests are assumed to be roughly equivalent for the purposes of college entrance, a second set of analyses was conducted in which common scores were created for the two samples. An ''English Achievement'' score was created by separately standardizing ACT English scores and SAT Verbal scores and then combining the two sets of z-scores. A ''Composite Achievement'' score similarly was obtained by separately standardizing the ACT and SAT Composite scores and combining them (ACT scores were used for students who had both ACT and SAT scores). Analyses yielded essentially the same results as the separate test scores, but because ACT and SAT scores were never used for between-group comparisons, the latter were assumed to be more valid and are reported here. Unless indicated otherwise, all significant effects reported below reached an alpha level of at least .05. Acheson et al. (2008) had reported a sufficient level of reliability (Cronbach's a 5 .723) for the part of their Reading Habits Self-Reports addressing how students thought they compared to peers in the time spent reading, enjoyment of reading, reading speed, complexity of reading material, and comprehension of reading material (five items). Reliabilities of reported reading times and their MRT and ART were not reported. Analysis of the MRT and TRT scores (two items) in this study yielded roughly comparable levels of internal consistency in the deaf and hearing samples, Cronbach's a 5 .764 and .697, respectively (.748 overall). Self-reported reading times for textbooks, other academic materials, magazines, newspapers, e-mail, Internet content, fiction, and nonfiction (eight items) yielded similarly high levels of reliability: Cronbach's a 5 .784 and .781 for deaf and hearing samples, respectively (.788 overall).
Overall, deaf students reported that they spent more time reading than did the hearing students, t(198) 5 3.60, ranging from 6 to 56 hr per week, with a median of 24 hr (SD 5 11.14). The hearing students reported reading from 1 to 43 hr per week with a median of 17.5 hr (SD 5 10.03). Significant differences in reported reading times for different kinds of material, all in favor of the deaf students, were obtained for reading of magazines, newspapers, e-mail, fiction, and nonfiction (see Table 1 ). Of course, there is no way to verify the veracity of student reports, a common difficulty in studies asking individuals to report their reading habits. However, responses to book title foils and magazine title foils generally are considered to be ''self-aggrandizement indices,'' and no significant differences between the two groups were obtained in that regard (see Table 2 ). Further, it seems likely that deaf students make greater use of newspapers, e-mail, and magazines than their hearing peers at least in part because the latter are more able to obtain some of the same information through radio, television, and interpersonal communication.
As can be seen in Table 2 , hearing students recognized more book titles and more magazine titles than their deaf peers, ts(198) 5 6.84 and 3.09, respectively. This finding suggests that deaf students may spend more time reading than hearing students because they require more time to read what they do, rather than because they read a greater volume of material (see below). Subtracting erroneous identifications of book and magazine foils from correct identifications of real titles yielded TRT and MRT scores. Consistent with the above findings, hearing students had significantly higher TRT and MRT scores than deaf students, ts(198) 5 7.11 and 4.71, respectively. TRT and MRT scores were significantly related to each other among both deaf and hearing students, rs(98) 5 .61 and .57, respectively. Deaf students with cochlear implants had higher MRT scores than students without implants, t(98) 5 2.25, and also had reported reading more ''other academic'' material, t(98) 5 2.16, but there were no other differences between the groups on any of the reading or academic measures.
The effects of book title age-level appropriateness were examined through a 2 (hearing status) by 4 (age level) analysis of variance in which the second factor was within subjects and the TRT score was the dependent variable. Significant main effects of hearing status, F(1,198) 5 40.98, MSE 5 83.54, and age level, F(3,198) 5 10.77, were obtained. The hearing status by age level interaction was not significant, F(3,198) , 1.00, as hearing students had higher TRT scores than DHH students at all levels (Grades K-3 . 7-8 . 9-12 . 4-6). On the basis of results reported by Stanovich and Cunningham (1992) , one could argue that at least one cause of DHH students' lags in reading and achievement is the simple fact that they read less. When reading is difficult, getting a child to read can be a challenge in itself, although the present results suggest that deaf students read for leisure (i.e., books of the sort on the TRT) less than hearing peers at all ages. Several programs have been developed to increase DHH and hearing children's motivation for reading, but beyond preliminary qualitative results, none have been shown actually to increase the quantity or quality of DHH students' reading (Spencer & Marschark, 2010, chap. 6).
The extent to which the various achievement scores could be predicted by the TRT and MRT and reported number of hours reading was evaluated using stepwise multiple regression. Analyses of the deaf students' data also included hearing thresholds (PTAs). As can be seen from Table 3, the TRT was the best predictor of all four of the deaf students' ACT scores, explaining between 38% and 49% of the variance in Reading Comprehension, English, and Composite scores and 15% of Math scores. The TRT was the best predictor of hearing students' SAT Verbal scores, accounting for 32% of the variance. Hearing students' time spent reading fiction was a significant second predictor (Acheson et al., 2008) and was also the only predictor of their SAT Composite score. For both deaf and hearing students, their reported times reading various materials tended to be either negative predictors of their achievement scores or accounted for a very small proportion for the variance. Acheson et al. (2008) found that their ART measure was inversely related to reported time reading textbooks, and both ART and MRT measures were positively related to reported time reading fiction and nonfiction. The latter would appear to lend some support to the validity of the ART and MRT as indicators of reading exposure. As suggested earlier, however, deaf students may spend more time reading not because they read a greater volume, but because it takes them more time to read. Stepwise multiple regressions were utilized to examine the possibility that the relation between self-report measures, PTAs (for deaf students), and the TRT and MRT as indicators of print exposure might be different for deaf and hearing students. Self-reported reading times for textbooks, other academic materials, magazines, newspapers, e-mail, Internet content, fiction, and nonfiction served as predictor variables, and TRT and MRT scores served as criterion variables in separate analyses. As can be seen in the middle section of Table 3 , those analyses yielded similar results for deaf and hearing students. For both groups, TRT scores were best predicted by MRT scores, and MRT scores were best predicted by TRT scores. Note that PTA was never a significant predictor for the deaf students.
The suggestion that deaf students may read fewer books than hearing students because it takes them longer appears to contrast with the finding that the difference between deaf and hearing students in the amount of time spent reading textbooks was quite small, although the time spent reading other academic materials was somewhat larger (see Table 1 ). It is unclear, however, whether the time spent by the two groups reading textbooks indicates that they read the same amount. Given deaf students' difficulties in reading, the deaf students may have depended less on textbooks than their hearing peers, believing that they would learn more in class, where instruction is provided in sign language sometimes accompanied by spoken language. Prior research is consistent with that suggestion, as deaf students frequently report full understanding of sign language in the classroom, when related test scores are quite low (e.g., Marschark, Sapere, Convertino, Seewagen, & Maltzen, 2004) . In fact, several studies now have demonstrated that deaf students aged 12 years and older learn no more from signed or spoken instruction than they do from reading the same content (Marschark et al., 2006 Stinson et al., 2009) . They also tend to overestimate learning from both modalities significantly more than hearing peers. A related issue that can be at least tentatively addressed in this article involves relations between student achievement scores and TRT and MRT scores. In studies involving hearing children, Stanovich and his colleagues have demonstrated that the causal connection in the positive relation between how much individuals read and their reading abilities is that reading more leads to better reading (e.g., Stanovich, 1986; Stanovich & Cunningham, 1992) . That issue apparently has not yet been evaluated with regard to deaf children, but this study allowed preliminary examination of the issue with deaf college students. Multiple regression analyses using MRT and TRT scores as criterion variables were repeated, but ACT (deaf students) and SAT scores (hearing students) were added to the other predictor variables. In addition to the TRT being a robust predictor of reading-related achievement scores for deaf students (as above), achievement scores (but not PTAs) were also robust predictors of TRT and MRT scores. As in previous studies, the MRT and TRT were the primary predictors of each other for the hearing students. Although the hearing students' SAT Verbal scores were a second significant predictor of their TRT scores, the strong predictive relation observed between achievement scores and recognition tests among the deaf students was not observed among the hearing students, consistent with the findings of Stanovich and Cunningham (1992) . The relevant achievement data were not collected at the same time as the print exposure data, but these results suggest the possibility that the causal relation between amount of reading and reading achievement among deaf students has a bidirectional component not present among hearing students.
A variety of studies have failed to observe relations between thresholds and either reading or achievement among older students (Allen, 1986; Calderon, 2000; Convertino et al., 2009; Powers, 2003; Tymms et al., 2003) . The failure of PTAs to predict scores in this article thus is consistent with the majority of relevant literature.
In summary, the above results involving a title recognition task rather than an author recognition task replicated findings of Stanovich and Cunningham (1992) and Acheson et al. (2008) indicating print exposure to be a good predictor of hearing college students' reading achievement, as indicated by the observed relation between their SAT Verbal scores and TRT scores. The TRT was expected to be an even more potent predictor for deaf college students, and the strong relationships observed between it and ACT Reading Achievement and English scores suggest that it was. Consistent with the earlier studies involving hearing students, the TRT and MRT were better predictors of English achievement scores for both deaf and hearing students than were self-report measures, which may be prone to self-aggrandizement or metacognitive inaccuracy. Deaf students obtained TRT and MRT scores approximately 50% of those obtained by their hearing peers, but their greater predictive value would appear to emphasize the importance of reading for deaf students' academic success.
Conclusions and Implications
Reading has long been a major challenge for deaf students and a concern of their parents and teachers (Luckner & Handley, 2008; Qi & Mitchell, 2012) . This article examined relations among print exposure, reading attainment, and achievement using books and MRTs, a self-report of reading habits, and students' college entrance examination scores.
Consistent with findings of Stanovich and Cunningham (1992) and Acheson et al. (2008) , recognition tests associated with print material were found to be better predictors of academic achievement than is the total amount of time students report spending in academically related and leisure reading. The TRT and MRT in this study also were more potent predictors of achievement for deaf students than for hearing students. This finding emphasizes that various measures of achievement may not be fully equivalent for deaf and hearing students. More generally, the results reflect the fact that deaf students obtain less information than hearing students from incidental learning and through-the-air (signed or spoken) communication. Such findings point to the need for parents and teachers to take deaf students' strengths and needs into consideration in structuring the input of information relevant to school achievement as well as knowledge of the world.
The suggestion that deaf students may get more information from reading than from interpersonal communication, relative to hearing students, is consistent with recent findings indicating that deaf students in high school and college learn as much from reading as they do from sign language (or spoken language) in the classroom Stinson et al., 2009) . They also tend to overestimate how much they are learning significantly more than hearing peers (Borgna et al., 2011; Marschark et al., 2004) . Taken together, such results indicate that deaf students' academic challenges are not limited to print literacy, but likely entail issues of language comprehension and cognition that need to be addressed by teachers if we are to optimize academic outcomes.
The finding that the TRTwas the primary predictor of reading-related (English) achievement for hearing students, but that SAT English scores were a secondary predictor of the TRT is inconsistent with Stanovich and Cunningham's (1992) finding of a unidirectional relationship between print exposure and achievement. This may be a consequence of differences between an ART and a title recognition test or variability in the population of college students in universities focusing on liberal arts versus technical education. TRT and achievement scores in this study, however, were clearly bidirectionally significant predictors for the deaf college students. This relationship clearly warrants further investigation with deaf adults as well as deaf children.
Finally, the finding that deaf students reported reading more fiction and nonfiction than their hearing peers but identified only about half as many book and magazine titles suggests the need to examine reading times (are these findings the result of deaf students' reading more slowly?) as well as reading comprehension (do they understand as much?) in those populations. Although it may be that the deaf students were more likely than the hearing students to inflate their reported reading times, they did not incorrectly identify TRT and MRT foils more frequently. These findings therefore may be a consequence of deaf students depending more on text for information that hearing students' obtain through hearing (e.g., radio, television). Alternatively, those results could indicate that the deaf students' reports of a greater number of hours reading reflect slower reading rather than more reading. This result would be consistent with the fact that fiction and nonfiction reading times were not associated with their TRT scores. The extent to which slower reading might be associated with greater or lesser comprehension, however, remains to be determined for both deaf college students and deaf children. Studying university students has the advantage of reducing the acknowledged variability among deaf students' reading and academic attainments, but the results may not generalize to children and the broader range of reading habits and reading abilities in the deaf population at large.
Notes
1. Approximately 10% of RIT's 15,000 students are deaf or hard of hearing. Half of them are enrolled in NTID's associate degree programs specifically designed for and limited to deaf students. The other half is enrolled in regular baccalaureate programs in the other colleges of the university.
2. Some of the magazine foils by Acheson et al. were found to have become real magazine titles.
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